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Title
2 of their knee replacements are UKA. If they do this then they can expect to achieve results 26 similar to those of the long-term series, which all had high-usage (>20%) and an average ten-27 year survival of 94%. 28
Introduction 31
In appropriate patients UKA has significant benefits over TKA including faster recovery, better 32 patient reported outcome measures (PROMS) and lower morbidity and mortality, however, it 33 has been reported to be associated with a higher incidence of failure [1] . The causes of failure 34 are multi-factorial but involve a complex interaction of patient, implant and surgeon factors as 35 well as differing thresholds for revision compared to TKA [2] . 36
Surgeon factors associated with outcome include technical skills associated with the procedure 37 itself as well as non-technical skills associated with decision-making around patient selection. 38
Technical skills have been hypothesised to improve as surgical volume increases and in TKA it 39
has been demonstrated that high-volume surgeons have lower procedure times, transfusion 40 rates and inpatient stays which culminate in better PROMS [3] . Similar findings have been 41 reported in UKA, albeit more marked than TKA, with a fourfold difference in revision rates seen 42 between the lowest and highest-volume surgeons using joint registry data suggesting that UKA 43 may be more sensitive to technical errors [4] . 44
Non-technical skills associated with decision-making around patient selection are related to 45 surgical indications. In severe osteoarthritis which fails non-operative treatments surgeons can 46 choose between UKA and TKA. This decision relates to an individual surgeon's indications, 47 which is reflected by the relative proportions of a surgeon's primary knee practice that receive 48 UKA relative to TKA. In UKA it has been demonstrated that, within certain limits, surgeons who 49 use broad indications, as assessed by a high proportion of patients receiving UKA, have lower 50 revision rates compared to surgeons who use narrow indications. The indications for mobile-51 bearing UKA are satisfied in about 50% of knees needing replacement. With mobile-bearing 52 UKA acceptable revision rates tend to be achieved by surgeons who use UKA for 20% or more 53 of their knee replacements and optimal results are achieved in those who use UKA for about 54 50% of their knee replacements [5] . 55
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7 method [8] . As revision rates were expected to be low a Freeman-Tukey variance stabilising 117 double arcsine transformation was used such that studies with zero rates would not be 118 excluded [9] . Where a difference in the primary outcome was detected secondary outcomes 119
were assessed: including the annual revision rate for lateral compartment disease progression, 120 bearing dislocation, unexplained pain and aseptic loosening as these have been reported to be 121 the predominant failure mechanisms of mobile-bearing UKA [4] . In addition the rates of other 122 potential causes of revision, including revision for disease progression in the patello-femoral 123 joint, polyethylene wear and tibial fracture were assessed. 124
As revision rates follow a binomial distribution a meta-analysis of proportions was performed 125 with summary annual revision rates pooled using a random effects model to minimize the effect 126 of between-study heterogeneity [10, 11] . Statistical heterogeneity across studies was assessed 127 using the I 2 statistic [12] . 128
Analysis was performed overall and based on those studies with long-term, mean 10-years or 129 greater, outcomes with sub-group analysis based on caseload, usage and the interaction 130 between caseload and usage as defined above. Analysis was conducted using Stata Version 13 131 M A N U S C R I P T
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Results
133
Searches identified a total of 3585 papers with an additional five-studies identified. Figure 1 . 134
After screening, the full-texts of 83 studies were retrieved and assessed with 37 excluded 135 (Appendix 2) leaving 46 (12,520 knees 67,128 component years) meeting inclusion criteria. 136 Table 1 . The mean MINORS score of included studies was 12 (range 10-14). 137
After contacting authors, data on the caseload was available for 37 studies (80%) and on usage 138 for 34 studies (74%). The all cause revision rate was 1.21%pa (95%CI 0.97-1.47). Revision indications are outlined in 144   Table 3 . The revision rate for aseptic loosening was 0.19% pa (95%CI 0.09 to 0.32), for lateral 145 compartment disease progression was 0.10% pa (95%CI 0.04 to 0.19), bearing dislocation 146 0.10% pa (95%CI 0.05 to 0.17) and unexplained pain 0.05% pa (95%CI 0.01 to 0.11). Table 3 . 147
Out of the 12,520 knees there were 121 (0.97%) dislocations, 20 (0.16%) tibial plateau fracture, 148 7 (0.06%) revisions for patella-femoral disease and 1 (0.01%) revision for polyethylene wear 149 secondary to anterior impingement. In series with long-term outcomes, mean follow-up 10-150 years or greater, the all cause revision rate was 0.63%pa (95%CI 0.46-0.83). 
The revision rate decreased as the caseload increased (p=0.02). Figure 2 . The revision rate 156 where surgeons performed: ≤6 UKA/year was 1.87%pa (95%CI 1.14-2.76), >6 but ≤12 157 UKA/year was 1.25%pa (95%CI 0.77-1.83), >12 but under ≤24 UKA/year was 1.37%pa (95%CI 158 0.93-1.89) and >24 UKA/year was 0.88%pa (95%CI 0.63-1.61). 159
The revision rate for lateral compartment disease progression (p=0.005), unexplained pain 160 (p=0.02) and aseptic loosening (p=0.003) decreased as caseload increased. No difference in 161 annual revision rate (p=0.58) or absolute revision rate (p=0.17) for bearing dislocation was 162 detected. Table 3 . 163
164
Usage: UKA as a proportion of all primary knee arthroplasty 165
As usage of UKA increased the mean age increased (p=0.04). The mean age of patients in 166 surgeons who performed UKA in <10% of cases was 63.4 years (SD4.2) increasing to 69.4 167 years (SD4.3) in surgeons who implanted UKA in at ≥30% of cases. No difference in gender 168 (p=0.27) or BMI (p=0.32) was seen. 169
The revision rate decreased as usage of UKA increased (p<0.001). Figure 3 . The revision rate 170 in series where surgeons performed: <10% UKA was 1.89%pa (95%CI 1.15-2.80), ≥10% but 171 <20% UKA was 1.48%pa (95%CI 0.91-2.18), ≥20% but <30% UKA was 1.25%pa (95%CI 1.07-172 1.43) and ≥30% was 0.69%pa (95%CI 0.50-0.90). 173
The revision rate for unexplained pain (p=0.02) and aseptic loosening (p=0.001) decreased as 174 the usage of UKA increased. No difference in annual revision rate (p=0.94) or absolute revision 175 rate (p=0.33) for bearing dislocation, or annual revision rate for lateral compartment disease 176 progression (p=0.10) was seen. Table 3 . 177 178 M A N U S C R I P T
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Combined caseload and usage 180
No difference in mean age (p=0.84), gender (p=0.73) or BMI (p=0.19) was seen based on the 181 combined caseload and usage of UKA. 182
Significant differences in revision rate were seen between groups (p=0.004) with lower revision 183 rates seen where there was higher UKA usage. The revision rate was 0.85%pa (95%CI 0.65-184 and thus increased usage, the revision rate would increase. This meta-analysis is the first 211 review of clinical studies that has shown that this is not the case, supporting analysis of Registry 212 data, and concluding that the revision rate decreases with increased usage, at least for mobile-213 bearing UKA [5] . 214
Usage was found to be more important than caseload: Usage was independent of caseload, 215 with high-usage surgeons achieving equally good results regardless of their overall caseload, 216 whereas caseload was not independent of usage. In low-usage surgeons the annual revision 217 rate was almost double that of high-usage surgeons regardless of whether surgeons implanted 218 a high number of UKA (high-caseload) or not (low-caseload).
The results of this study 219 therefore suggest that to achieve optimum outcomes mobile-bearing UKA should be performed 220 in a high proportion of a surgeon's practice and suggests that surgeons who perform a low 221 number of knee arthroplasties can still achieve good results provided that UKA is performed in 222 M A N U S C R I P T
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an adequate proportion. There were no studies available for high usage, very low-caseload 223 surgeons (<6UKA/year), and as such we cannot recommend that surgeons do such small 224 numbers, even if their usage is acceptable. 225
As low-usage surgeons have a high revision rate, regardless of whether they have a low or 226 high-caseload, the reasons for this are likely to be related to their indications for UKA, or around 50% of cases undergoing knee arthroplasty meet these criteria and that suitability for 232 UKA can be identified pre-operatively using a structured radiographic assessment in 233 combination with a radiographic Decision Aid [18] . It is striking that the lowest revision rate 234 (0.69%pa) was achieved by those doing >30% of their knee replacements as UKA, who were 235 presumably adhering closely to the recommended indications. 236
Surgeons performing UKA in a low-proportion of cases and obtaining poor results are probably 237 using inappropriate indications. Surgeons may be concerned that UKA will fail because of 238 progression of disease in the retained compartments. Therefore they may only implant UKA if 239 the retained compartments are pristine, which usually only occurs if there is early arthritis with 240 partial thickness cartilage loss (PTCL) in the medial compartment. It is well known that patients 241 with PTCL do not do well with TKA, so a mobile-bearing UKA may seem to be an ideal solution, 242 as these patients tend to be young and active. However patients with PTCL also do badly with 243 UKA and have worse outcomes compared to those with bone-on-bone anteromedial 244 osteoarthritis [19, 20] . Whilst we can only speculate as to the reasons for failure, this study found 245 that low-usage UKA surgeons operated on younger patients, and had revision rates for 246 persistent pain that were ten-fold higher than high-usage surgeons, with both these features 247 being associated with operating on knees with PTCL. Recent work has highlighted that around aM A N U S C R I P T
13 quarter of young patients (<60 years) undergoing arthroplasty are not suitable for UKA due to 249 PTCL and it may be that low usage surgeons are performing UKA in these patients and 250
achieving poor results as a consequence [21] . Further work is required to confirm this finding, as 251 well as to clarify the results of registry studies which have reported higher failure rates of UKA in 252 young patients, a finding not observed in cases series performed for bone-on-bone arthritis [22-253
24]. 254
A final consideration is that, the higher revision rate in low-usage surgeons may relate to their 255 indications for revision. In this study low-usage surgeons had a higher revision rate due to 256 low-usage surgeons, have also not understood the relevance of these radiolucencies, and may 265 be doing unnecessary revisions for physiological radiolucencies [29] . 266
Whilst this study found a relationship between caseload and implant survival it was only the 267 high-usage surgeons, >24 UKA/year, which appeared to have a lower failure rate. been seen in this study is that in almost a quarter of the high-caseload studies included in this 272 analysis were low-usage (4 of 17studies), which we found to be associated with higher failure 273 rate[29, 32-34] . In cross-sectional studies, because of the relationship between caseload andM A N U S C R I P T
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usage, we would expect the number of high-volume and low-usage UKA surgeons to be lower 275 than seen in this series [4] . As such usage may be a confounding variable that has not been 276 accounted for in previous reports. 277
In series reporting the long-term outcomes (mean follow-up of 10-years or greater) of mobile-278 bearing UKA the survival rate was 94% (95%CI 92-95). Table 3 . This result is better than the 279 10-year survival rate (88%, 95%CI 85-90) extrapolated from the annual revision rate for all 280 series, which have, on average a shorter follow-up. One reason for this is that the annual 281 revision rate tends to overestimate the long-term failure rate, particularly in studies with a high 282 incidence of early failures and a short duration of follow-up. This is relevant to this study: firstly 283 because with mobile-bearing UKA bearing dislocation tends to occur early, and secondly 284 because many of the included studies represent the learning curve of the surgeons who may 285 have more revisions during this period. However, the main reason why the revision rate of the 286 10-year series is lower than all series combined is that all the ten-year series were from high-287 usage surgeons, whereas the other series came from a mixture of low and high-usage surgeons 288 with low-usage surgeons tending to get worse results. The main conclusion from this study is 289 therefore that if surgeons want to use the mobile-bearing UKA they should use it for a high-290 proportion of their knee replacements (≥20%). If they do this they should expect to achieve a 291 similarly good survival as seen in studies with long-term outcomes (94% ten-year survival). 292
There are limitations of this study: surgeons may over or understate their UKA caseload and 293 usage, presenting a risk of recall bias. Due to limited information provided in published series it 294
was not possible to evaluate functional outcomes which are critical in evaluating the optimum 295 treatment. The study is based on published case series of UKA, which are open to publication 296 bias. As the results of arthroplasty are expected to be good it may be easier to get poor results 297 published early and these need only be based on small numbers of patients. In contrast it is 298 difficult to get good results published, as these require large numbers of patients with long 299 follow-up. Therefore a higher proportion of poor results may be published than good.
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15 301 302
Conclusion 303
To achieve optimum results with mobile-bearing UKA surgeons should use it for at least 20%, 304
and ideally 50% of their knee replacements. To do this they should adhere to the recommended 305
indications. This effect appears to be independent of the caseload of UKA performed meaning 306 that optimum results can still achieved by relatively low-volume surgeons (>6 and <12/year). 307
Surgeons with optimal usage should be able to achieve a 10-year survival of about 94%. 308 M A N U S C R I P T 
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